Evolution of the inflammatory response in vertebrates: fish TNF-alpha is a powerful activator of endothelial cells but hardly activates phagocytes.
TNF-alpha is conserved in all vertebrate classes and has been identified in all taxonomic groups of teleost fish. However, its biological activities and its role in infection are largely unknown. Using two complementary fish models, gilthead seabream and zebrafish, we report here that the main proinflammatory effects of fish TNF-alpha are mediated through the activation of endothelial cells. Thus, TNF-alpha promotes the expression of E-selectin and different CC and CXC chemokines in endothelial cells, thus explaining the recruitment and activation of phagocytes observed in vivo in both species. We also found that TLR ligands, and to some extent TNF-alpha, were able to increase the expression of MHC class II and CD83 in endothelial cells, which might suggest a role for fish endothelial cells and TNF-alpha in Ag presentation. Lastly, we found that TNF-alpha increases the susceptibility of the zebrafish to viral (spring viremia of carp virus) and bacterial (Streptococcus iniae) infections. Although the powerful actions of fish TNF-alpha on endothelial cells suggest that it might facilitate pathogen dissemination, it was found that TNF-alpha increased antiviral genes and, more importantly, had little effect on the viral load in early infection. In addition, the stimulation of ZF4 cells with TNF-alpha resulted in increased viral replication. Together, these results indicate that fish TNF-alpha displays different sorts of bioactivity to their mammalian counterparts and point to the complexity of the evolution that has taken place in the regulation of innate immunity by cytokines.